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ABSTBACff 


A  succinoxidasa  inhibitor  found  in  three  Gscsa-ssagatiw* 
organisms  has  been  studied.  Tire  substance,,  not  identified, 
is  capable  of  Inhibiting  the  sutieinoxidese  system  of  rat 
liver,  pig  heart,  rat "liver  mitochondria,  and  intact  guinea 
pig  lymph  cells.  The  level  of  inhibition  appears  to  be  at 
the  level  of  cytochrome  c} , 
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■j  / 

In  1961s*  it  was  obmmd  that  n  factor  uosvld  be  obtained  during  the 
isolation  of  1 1 popolysaeehavide  from  FasteurelLa  tularemtla  and  Sorratia 
warceiicona  that  vr««  a  potent  inhibitor  of  the  fisssssialian  succinoxidase 
eyaK&a*  Xhia  factor  me  chemically  and  physiologically  distinct  £  rasa  the 
lipopolysaecharide.  Further  studies  revealed  that  the  probable  site  of 
action  v,m  on  tarns,  portion  of  the  elaetron-tranoport  chain  batman' 
succinic  dehydrogenase  and  cytochrome  «,«  The  data  in  this  report, 
previously  published,--*./  present  further  information  on  the.  nature  of  the. 
inhibitory  action  on  both  respiration  and  oxidative  phosphorylst ion. 


xi,  mxgaidha  mu  mimm 


A,  MATERIALS 

P.  tulsrjgnaisj  Culture®  of  P.  tularensis.  Strain  SCHW  St-4,  were  grown 
in  MCH1  nsedf*  at  37 aC  f:ot  24  hours,  Aft®*’  harvesting,  the  cell#  vere  washed 
with  physio logical  saline, 

%.  wstceacews  and  8.  soli? ,,  Culture#  of  a,  raatreegeema  and  fj,,  coll  were 
grown  as  dascri'bed  proviouely,--* 

Urnywa  Pr®pa5ret'.los5«!  Pig-heart  extracts  were  prepared  according '  to 
the  faethod  of  Hsufeld,  Scott,  and  Stots.S/ 

Mifcoehoindrlfis  Mitochondria  were  prepared  from  rat  liver  according  to 
the  i&ssfeod  of  Schneider  end  Hog abcoja^/  at *  modified  by  Kofcaferoolt,.* 

UpopolyaacchaEides  Lipopolysaccharide  was  prepared  according  to  thn 
modificat  ion  of  the  wathad  of  Tauber  and  Garson^/  described  previously,..*/ 


Inhibitor;  8.  coli  or  reagcesesiraB  sells  were  thoroughly  w«»h»d  with 
water..  The  washed  calls  were  treated  with  phenol  in  the  ratio  of  55  grams 
of  phenol  to  56  gram#  of  water  to  25  grams  of  calls,  This  mixture  we* 
homogenised  in  Che  cold  in  &  Bering  Blander  and  centrifuged.  The  phenol 
layer  was  discarded.  The  v&tgr  layer  was  extracted  twice  with  equal  volumes 
of  ether  end  the  ether  washings  wer©  discarded.  Enough  acetone  was  added 
to  the  water  layer  to  make  the  acetone  concentration  70  pmt  cent  and  the 
heavy  precipitate  that  forced  wea  discarded.  The  filtered  acetona-water 
solution  was  evaporated  to  dryness  anti  the  resulting  solid  was  successively 
•<•«■» -iei.i  vr  i  ?  h  :•>?  yor  cent,  sccf.oaa,  sbaolute  methanol,  and  absolute  ethanol. 
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X'he  residua  was  dissolved  in  wator.  The  last:  fraction,  called  fraction  4, 
usually  contained  moat  of  the  inhibitor,,  although  in  sonus  batches  activity 
mm  distributed  throughout  all  of  the  solvent  extractions.  This  preparation 
is  illustrated  in  Figure  1. 


B.  Sfllfflffi  ASSAYS 

Oxygen  consumption  was  determined  with  a  Clark  recording  oxygen 
electrode.  The  component*  in  the  assay  system  were  1.0  milliliter  of 
0.1  M  phosphate  buffer  (pH  7.4),  0.1  milliliter  of  inhibitor,  0.1 
milliliter  of  0.1  M  sodium  succinate  in  phosphate  buffer  (pH  7.4),.  and 
0.8  milliliter  of  heart-muscle  extract  and  water. 


ill.  RESULTS 


Figure  2  shows  that  the  succlnoxidase  Inhibitor  can  be  almost  completely 
separated  from  the  lipopolysaccharide.  Conversely,  in  dtata  previously 
reported.,!/  the  endotoxin  was  shown  to  reside  exclusively  in  the 
lipopoly saccharide  fraction. 

Using  the  Clark  recording  oxygen  electrode  as  a  measure  of  oxygen 
consumption  enabled  us  to  observe  the  action  of  the  inhibitor  during  the 
early  part  of  Che  reaction,  which  was  not  possible  when  the  Warburg, 
apparatus  was  used.  Moreover,  differences  between  crude  end  partially 
purified  preparations  became  readily  apparent. 

Figure  3  shows  Che  effect  of  adding  0. 64  milligram  of  crude  inhibitor 
to  an  actively  respiring  pig-heart  preparation.  The  reaction  was  initiated 
at  ”9**  by  the  addition  of  0.1  milliliter  of  0.1  X  sodium  succinate  and  a 
rate  of  2.9  div/min,  was  observed.  After  the  reaction  had  proceeded  for 
one  minute,  0.84  milligram  of  eruda  inhibitor  was  added.  It  can  be  seen 
that  a  gradual  decrease  in  rate  commenced  so  Chat  after  five  minutes  the 
rate  had  decreased  to  0.4  div/min.  representing  more  than  86  per  cent 
inhibition. 

The  effect  of  the  crude  inhibitor  can  be  contrasted  with  that  of 
partially  purified  inhibitor*  illustrated  in  Figure  4.  One  minute  after 
the  start  of  the  reaction,  21  microgram*  of  inhibitor  (Y)  war*  added. 

Thi*  produced  an  immediate  inhibition  of  45  per  cant. 

*  Purity  < of  the  inhibitor  vac  calculated  on  the  basis  of  the  amount  of 
inhibitor  required  tn  cause  inhibition.  The  less  the  amount  of  inhibitor 
required  to  caue«  a  stated  amount  of  inhibition,  the  purer  the  inhibitor. 
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Figure  1.  Preparation  of  Inhibitor. 


Figure  2.  The  Effect  of  Inhibitor  and  Lipopolysacchar ide 
on  Succinoxidase  Activity. 


Figure  3.  Inhibition  by  a  Crude  Inhibitor  Preparation. 


Figure  4. 


ANAEROBIC 

The  Effect  of  Partially  Purified  Inhibitor 
When  Added  After  Substrate. 
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A  second,  addition  of  21  nicrograms  cfinned  lha  level  of  inhibition  to  increase 
to  65  per  cent.  The  possible  reason  for  the  relatively  rapid  action  of  the. 
purified  inhibitor  as  contrasted  to  the  slower  acting  crude  inhibitor  is 
that  in  the  impure  star.®  there  is  a  finite  time  required  for  the  inhibitory 
substance  to  dissociate  from  whatever  iaputity  is  accompanying  it  and 
attach  it  self  to  the  appropriate  site  in  the  v.nzysm  preparation. 

If,  however,  either  crude  or  purified  inhibitor  is  added  before  the 
addition  of  substrate,  then  the  level  of  inhibition  is  equivalent  to 
that  in  the  experiments  described  above.  This  ia  true  whether  there  is 
prolonged  incubation  or  the  reaction  ia  started  l»«»ediaCely  after  addition 
of  the  inhibitor.  The  significance  of  these  observations  will  be 
discussed  later,,  .  .... 

The  effect  of  the  Inhibitor  on  oxidative  phosphorylation  in  tightly 
coupled  mitochondria  la  illustrated  In  Table  1.  It  can  be  seen  that  the 
effect  of  the  inhibitor  on  ABP> stimulated  respiration  is  entirely  dependent 
upon  the  sequence  of  addition  of  the  components* 


TABLK  I.  SYP1CT  OB'  UKIBITOB  CM  THE  &K3P1RATI0H  OF  COVPLIB  HITOCHGNBRIA 


Additions 


1.  Inhibitor  added 

mitochondria 
succinate 
ABF 

Inhibitor 


11*  Inhibitor  added 


Bate,  div/min 


to  complete  system 

0.4 

0.7 

2*6 

1.4  1  minute  after  addition 
0.8  2  minutes  after  addition 

before  succinate  end  AO? 


mitochondria  0*3 
inhibitor  0, 4 
succinate  0*  4 
ADF  0.5 


XXI.  Inhibitor  added  between  succinate  and  A OF 


mitochondria 

succinate 

inhibitor 

ASP 


0.5 

o.a 


1.6  for  15  seconds 
1.2  after  15  seconds 
1. 1 
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Part  I  of  .this  Table  shows  that  addition  of  the  Inhibitor  after  maximal 
reificstion  vase  obtained  following  the  addition  of  ASP  caused  a  merited 
drop  in  the  respiratory  rate.  Addition  of  the  inhibitor,  howsver,  prior 
to  the  addition  of  either  substrate  or  ABF  blocked  ail  but  aom®  endogenous 
respiration.  Addition  of  the  inhibitor  after  the  substrate  but  before  ffibf 
caused  a  slight  stimulation  in  some  ways  reminiscent  of  the  uncoupling 
effect  of  dlnifcrophenol.  This  Initial  stimulation  decreased  aeiaewh&t  after 
the  first  13  seconds  and  remained  unaffected  by  the  subsequent  addition  of 
A»P, 

It  was  of  interest  to  determine  whether  the  inhibitor  would  have 
any  effect  on  whole  cells.  In  collaboration  with  Dr.  John  Bowden, 

Chemistry  Branch,  Physical  Sciences  Division,  quantities  of  inhibitor 
were  added  to  isolated  guinea  pig  lymph  tissue  and  the  effect  on  respiration 
noted.  The  data  in  Table  IX  show  that  in  two  separata  experiments 
respiration  was,  indeed,  inhibited. 

The  data  in  this  report  ware  obtained,  for  the  swat  part,  using 
inhibitor  from  £,  coll.  Data  so  obtained  are  essentially  the  sane  as  that 
previously  reported  for  8.  aarccacens  and  P.  tularemia. 


TABU  IT.  RESPIRATION  CP  GUINEA  PIG  LYMPH  TISSUE 
IN  THK  PRESENCE  OP  INHIBITOR 


Trial 


(86.4  milligrams  lymph  tissue  used.) 


Inhibitor  Per  cent 

Added  2  Inhibition 


Milligram 

0 

10.2 

0.77 

5.7 

45.1 

0 

11.1 

0.39 

7.4 

33.3 

2 
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IV.  DISCUSSION 


The  presence  of  such  an  inhibitor  ia  (5 rass~ tut gat ivo  organ! sms  gives 
rise  to  speculation  concerning  both  its  function  J.u  the  organism  snrf  its 
role  as  an  inhibitor.  As  one  might  expect,  addition  of  even  largo 
quantities  of  inhibitor  has  no  effect  on  the  respiration  of  whole 
bacterial  calls  or  of  their  active  cell" free  extracts.  Assuming  for  the 
moment,  then,  that  this  material  ia  not  an  inhibitor  of  the  mammalian 
succinoxidese  system  because  of  an  artifact  of  preparation,  it  is 
possible  that  the  substance  may  it-#@lfr  play  some  role  in  the  electron 
transport  scheme  .in  bacteria  somewhat  similar  to  that  of  coenayow  Q,. 

Xt  is  also  possible  that  a  substance,  similar  but  not  identical  to  the 
inhibitor,  is  present  in  mammalian  cells  and' that  this  substance,  also 
plays  a  role  in  electron  transport.  The  inhibition,  t hen could  be 
accounted  for  by  competition  between  the  Inhibitor  and  the  natural 
substance.  If  the  inhibitor  is:  more  firmly;  bound  than  the.  naturally 
occurring  material,  then  .it,  by  not  being,  able  ait  her  to,  accept,  or  to 
trams tar  electrons  in  the  mammalian  system*  would  act  as  *.  most  effective 
blocking  agent,  which  it  apparently  doaa.  Our  data  show  that,,  except 
for  some  slight  effect  on  succinic  dehydrogenase  f tor#  the  K>  coll 
preparation,  the  prime  affect  of  the  Inhibitor  Is  quite  specific,  being, 
located  at  or  near  the’ level  of  cytochrome  ej.* 

It  is  not  clear  from  the  data  presented  whether  or  not,,  in  isolated 
mitochondria  capable  of  oxidative  phosphorylation,  the  prime,  effect  is 
on  the  respiration  or  the  phosphorylation.  A  good  guess  is  that  the 
primary  effect  is  on  the  respiratory  process*  It  also  seem  from  the 
data  that  when  inhibitor  La  added  between  succinate  and  M3V,  the 
"uncoupling"  effect  noted  might  be  due  to  soma  alteration  in  mitochondrial 
permeability. 

Xt  is  of  some  value,  we  think,  to  speculate  about  a  possible  role  for 
substances  of  this  nature  in  the  infective  process*  One  thought  is  that 
the  inhibitor,  together  with  endotoxin,  might  paralyse  the  cell  and  thus 
obstruct  the  normal  destructive  lytic  process.  If  during  the  early  stages 
of  infection  sufficient  amounts  of  inhibitor  are  released,  the  cellular 
respiratory  mechanisms  would  decrease  in  activity  or  stop  completely  and 
the  energy-producing  mechanisms  would  come  to  a  halt.  As  demonstrated"  in 
the  experiments  on  guinea  pig  lymph  tissue,  intact  cells  are  susceptible 
to  the  inhibitor. 


*  One  current  concept  of  electron  transport  pictures  the  succinoxidase 
system  in  the  following  manner: 

pbosphorylat.ing 
succinic  ^cytochrome  b. 

Succinate  -  dehydrogenase' — - SMT'cytochrojne  — —  cyto  c - -  Cyto*  —  0^ 

nonphosphnrylat ing 


In  cota&lux.lon,  it  isight  ha  stated  that  Chi*  investigation  has  revealed 
two  sfaaa  that,  in  oot  opiaion,  repair#  further  extensive  investigation. 
One  ia  the  mature  of  energy- profiting  sschenisaifi  in  the  bacterial  cell 
and  their  relation whip  to  M®BHS*lian  gyataws;  the  wsccmd  is  the  nature  of 
the  infective  process  about  which  wa  *ra  still  largely  ignorant. 
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